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Description 

BACKGROUND OF THE INVENTION 

5 [0001 ] The present invention relates to an extracorporeal diagnostic drug or a portable diagnostic device for detecting 
microorganisms in water and a trace amount of markers in the humor. More specifically, the present invention is intended 
to improve the performance of an immunochromatography-assisted device which facilitates simple and rapid meas- 
urements of such substances at small-scale clinics with no installation of analytical equipment and by the subjects 
studied. 

10 [0002] Extracorporeal diagnostic drugs for detecting a trace amount of markers in the body fluids such as urine, 
sweat and blood have recognized importance as the major aids for clinical diagnosis and home care medicine. Immu- 
nochromatography is a basic technology for extracorporeal diagnostic drugs which best use specific reaction of an 
antibody. Among them, the most typical and widely applied immunochromatography-assisted device in the market as 
a general medicine is pregnancy testing drug. When pregnant, women secret human chorionic gonadotropin (hCG) 

15 from the placenta, which is later excreted in urine. Upon introduction of a female urine sample, a pregnancy tester 
determines whether the urine is positive or negative for pregnancy usually within 3 minutes or so, facilitating easy 
evaluation of pregnancy by any nonskilled ordinary person. A representative structure of such immunochromatography- 
assisted device is disclosed in the U.S. patent No. 5,602,040, for example. 

[0003] The above US patent discloses an immunochromatography-assistend device for antigen detection, said de- 
20 vice comprising at least two different antibodies capable of binding to an antigen as an analyte, a test strip composed 
of a porous carrier which has two distinct zones each having immobilized antibodies, the first antibody being a labelled 
antibody, the other of said antibodies being fixed to the second zone of said carrier and to penetrate the porous carrier 
material with a surfactant to reduce inherent hydrophobicity. 

[0004] In the following, the structure and operation of a most simple immunochromatography-assisted device will be 
25 described, taking the pregnancy tester as an example. FIG. 1 illustrates the structure of a porous carrier for use in a 
typical immunochromatography-assisted device. The most widely used porous carrier is a sheet of nitrocellulose be- 
cause the material readily allows fixation of an antibody. However, if the porous carrier 1 is formed with this material 
entirely, the flow rate of a sample reduces prominently. Therefore, it is preferable for the carrier to be formed with 
nitrocellulose only for a determining part and with a glass filter which allows a sample to flow more rapidly for the rest. 
30 A sample introducing part 2 located at one end of the carrier is made of a porous carrier such as glass filter that 
inherently absorbs a sample rapidly but is weak in retaining the sample, thus permitting a rapid and smooth passage 
of the sample toward a reaction -related part. If the porous carrier 1 is to be accommodated in a hollow case, the sample 
introducing part 2 is formed relatively long so as to partially expose it from the case to allow direct introduction of a 
urine sample into the sample introducing part 2. Alternatively, if the entire sample introducing part 2 is to be accom- 
35 modated in the case, the case should have an aperture through which a sample is introduced into the sample introducing 
part. 

[0005] A labelled part 3 is formed by impregnating a glass filter with an aqueous solution of an anti-hCG antibody 
which is adsorbed on colloidal gold or colored latex, followed by freezing and drying it. A determining part 4 is produced 
by dropping an aqueous solution of another antibody on a nitrocellulose sheet in an arbitrary shape, followed by drying 

40 and rinsing it. The very strong non-specific adsorption property of nitrocellulose ensures tight adhesion of the antibody 
to the nitrocellulose sheet. After fixation of the antibody, the nitrocellulose sheet may be surface-treated with bovine 
serum albumin (hereinafter abbreviated to "BSA"), for example, in order to prevent coloring of the background due to 
the non-specific adsorption property of nitrocellulose during antigen-antibody reaction for detection. This surface treat- 
ment is called blocking. A fluid absorbing part 5 located at the other end of the porous carrier is formed with a material 

45 such as glass filter which is excellent in fluid absorption and fluid absorbing capacity, for the purpose of rapid absorption 
of excess sample. 

[0006] As a sample, female urine is introduced into the sample introducing part 2 in an amount as determined based 
on the shape of the immunochromatography-assisted device (normally 0.1 to 2 ml). The sample passes through the 
determining part 4 via the labelled part 3 toward the fluid absorbing part 5. When the sample passes around the labelled 

50 part 3, the labelled antibody which is carried on the labelled part 3 dissolves in water in the sample and is transferred 
toward the determining part 4 together with the sample. Subsequently, the labelled antibody dissolved in water arrives 
at the determining part 4. At that time, if the urine is positive for pregnancy, the labelled antibody reacts with the fixed 
antibody present at the determining part 4 via an antigen in the urine sample based on the specific antigen-antibody 
binding reaction, which causes the determining part 4 to be colored, If negative, such reaction would not occur and 

55 the labelled antibody uneventfully passes the determining part 4 to be absorbed in the fluid absorbing part. In this way, 
the presence or absence of an antigen in an aqueous sample solution can be determined. 

[0007] In such immunochromatography-assisted device as described above, coloring of the part other than the an- 
tibody in a fixed phase present at the determining part (background coloring) and coloring of the antibody in the fixed 
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phase in the absence of an analyte (blank coloring) reduce the S/N ratio during detection and become a factor for 
causing a malfunction. Background coloring is caused by a hydrophobic bond between a visualized antibody in a mobile 
phase and the porous carrier. On the other hand, blank coloring is caused by electrical interaction between the negative- 
charged antibody in the mobile phase and the positive-charged antibody in the fixed phase. 

5 [0008] Normal samples for use in detection are free of such substance as surfactant, pH buffer or the like that offsets 
a hydrophobic bond and electrical interaction. Therefore, the conventional immunochromatography-assisted device 
has drawbacks of development of not a little background coloring and occasional development of blank coloring. These 
drawbacks are particularly prominent when the antibody in the mobile phase is visualized with an organic dye. 
[0009] Such immunochromatography-assisted device can be improved for its detectability by increasing the amount 

10 or concentration of the labelled antibody to be carried on the labelled part. However, this method disadvantageously 
increases the time until visual confirmation of background decoloring by sufficient depletion of the labelled antibody. 
In other words, an improvement in detectability contradicts a reduction in reaction time. If the antigen contained in a 
sample is over excess, the overall antibody in the mobile phase has to participate in antigen-antibody reaction, causing 
depletion of the mobile phase antibody at the determining part, which results in a malfunction of the device such that 

15 the amount of antigen is small seemingly. This is why a dynamic range in which reaction takes place essentially is 
preset in immunochromatography. The dynamic range for developing reaction is generally 50 to 100,000 IU/L with 
respect to the pregnancy tester. 

[001 0] Moreover, if an immunochromatography-assisted device is configured so as to ensure movement of a sample 
toward the determining part via the labelled part, hCG reacts with the labelled antibody before it reacts with the fixed 
20 antibody. Such structure is disadvantageous in detecting a low concentration of antigen as an analyte. 

BRIEF SUMMARY OF THE INVENTION 

[0011] In view of the above-mentioned drawbacks of the prior art device, the object of the present invention is to 
25 provide an immunochromatography-assisted device facilitating accurate and rapid detection of an antigen contained 
in a liquid sample by eliminating coloring of the background and blank coloring which may cause a malfunction during 
detection. 

[0012] Another object of the present invention is to provide an epoch-making immunochromatography-assisted de- 
vice for realizing improved detectability and reduced reaction time at the same time, and further for achieving an ex- 

30 tended dynamic range for reaction. 

[0013] In order to solve the above-mentioned problems, the present invention provides an immunochromatograph- 
yassisted device comprising a porous carrier having an impregnated part with an additive located between a sample 
introducing part and a determining part of the porous carrier, wherein the additive-impregnated part carries thereon at 
least one of a water-soluble ammonium salt and/or a pH buffer such that it dissolves in a sample introduced into the 

35 carrier in order to move with the movement of the sample through the carrier. 

[0014] While the novel features of the invention are set forth particularly in the appended claims, the invention, both 
as to organization and content, will be better understood and appreciated, along with other objects and features thereof, 
from the following detailed description taken in conjunction with the drawings. 

40 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

[0015] FIG. 1 is a perspective view illustrating a test strip of a conventional immunochromatography device. 
[0016] FIG. 2 is a perspective view illustrating the structure of a test strip for use in an immunochromatography- 
assisted device in accordance with the present invention. 
45 [001 7] FIG. 3 is a perspective view illustrating another structure of the test strip for use in the immunochromatography- 
assisted device in accordance with the present invention. 

[0018] FIG. 4 is a vertical cross-sectional view showing a test strip for use in one example of the present invention. 
[001 9] FIG. 5 is a graph illustrating the relationship between the concentration of hCG in a sample and the absorbance 
(coloring intensity) at the determining part. 
50 [0020] FIG. 6 is a graph illustrating the relationship between the concentration of hCG in a sample and the minimal 
detectable time. 

[0021] FIG. 7 is another graph illustrating the relationship between the concentration of hCG in a sample and the 
absorbance at the determining part. 

[0022] FIG. 8 is another graph illustrating the relationship between the concentration of hCG in a sample and the 
55 minimal detectable time. 

[0023] FIG. 9 is still another graph illustrating the relationship between the concentration of hCG in a sample and 
the absorbance at the determining part. 

[0024] FIG. 10 is still another graph illustrating the relationship between the concentration of hCG in a sample and 
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the minimal detectable time. 

[0025] FIG. 1 1 is a graph illustrating the relationship between the concentration of hCG in a sample and the absorb- 
ance at the determining part obtained by varying the pH of a sample solution carried an the test strip. 
[0026] FIG. 12 is a vertical cross-sectional view illustrating a test strip for use in another example of the present 
5 invention. 

[0027] FIG. 13 is another graph illustrating the relationship between the concentration of hCG in a sample and the 
absorbance at the determining part. 

DETAILED DESCRIPTION OF THE INVENTION 

10 

[0028] The immunochromatography-assisted device in accordance with the present invention detects an antigen in 
an aqueous sample solution based an a specific antigenantibody binding reaction, whichcomprises at least two different 
antibodies binding to an antigen as an analyte and a test strip composed of a porous carrier an which a labelled part 
containing one of the antibodies and a determining part containing the other of the antibodies are arranged such that 

'5 a sample introduced into a sample introducing part is allowed to move toward the determining part via the labelled 
part, wherein one of the antibodies (the antibody in a mobile phase) is chemically visualized and contained in the 
labelled part of the porous carrier such that it dissolves in a sample solution introduced into the porous carrier in order 
to move inside the carrier with the movement of the sample solution, the other of the antibodies (the antibody in a fixed 
phase) is fixed to the determining part of the porous carrier to a degree not to be shifted in position by the movement 

20 of the sample, and the porous carrier has an impregnated part with an additive at a certain part between the sample 
introducing part and the determining part, the additive-impregnated part movably carrying thereon at least one selected 
from the group consisting of a surfactant, an ammonium salt and a pH buffer such that it dissolves in the sample solution 
and moves with the movement of the sample through the porous carrier. 

[0029] The additive-impregnated part may be positioned between the sample introducing part and the labelled part 

25 or may be integrally combined with the sample introducing part. 

[0030] If the additive-impregnated part is positioned between the sample introducing part and the determining part, 
the additive such as surfactant, ammonium ion of the ammonium salt or pH buffer is mixed with an introduced sample 
and moves toward the determining part in the course of analysis. The sample is absorbed in a fluid absorbing part after 
arriving at the determining part. 

30 [0031] Of the various additives, the surfactant lowers the surface tension of a liquid sample to accelerate the flow of 
the sample, and modifies the surface characteristic of the antibody in the mobile phase to impair its hydrophobic bond 
with the porous carrier. This structure shortens the duration of detection with an immunochromatography-assisted 
device and inhibits coloring of the background to a minimum. 

[0032] The ammonium ion, on the other hand, is a typical positive-charged compound, which effectively offsets the 
35 negative charge of the antibody in the mobile phase. 

[0033] The pH buffer controls pH of the sample introduced, thereby offsetting the positive charge of the antibody in 
the fixed phase. 

[0034] As such, these two additives can cancel electrical interaction between the mobile phase antibody and the 
fixed phase antibody, preventing the development of blank coloring. 

40 [0035] In a preferred mode of the present invention, the labelled part is segmented into plural zones and a porous 
material for permitting movements of the sample and the labelled antibody is supplementally positioned as a spacer 
between the plural zones of the labelled part such that the sample can flow through the segmented labelled part. The 
labelled part of this structure may carry different kinds and/or different absolute amounts of labelled antibody. 
[0036] The labelled part may be segmented into plural zones such that plural zones of the segmented labelled part 

45 that are located proximal to the determining part, that is, those located downstream from the flow route carry the labelled 
antibody in a relatively large amount and plural zones that are located distal to the determining part, that is, those 
upstream from the flow route carry it in a small amount. This structure of the labelled part permits coexistence of a 
large amount of antigen in a sample with a large amount of labelled antibody in the labelled part downstream from the 
flow route if the sample contains a large amount of antigen. Thus, intense coloring can be induced in an acute phase 

so of antigen-antibody reaction without developing a deficiency of the labelled antibody. If the sample contains only a 
small amount of antigen, the large amount of labelled antibody present downstream from the flow route fails to contribute 
to the antigen-antibody reaction; however, the antigen is condensed at the determining part and colored by the labelled 
antibody which later catches up with the antigen overtime while flowing almost homogeneously. This means that this 
structure secures a high detectability of the device. In the latter case, since the labelled antibody which later catches 

55 up with the antigen has a low concentration, the background coloring remains diminished, causing no effect on the 
coloring of the determining part. According to this structure, an optimal reaction system participates in the antigen- 
antibody reaction, depending on the concentration of the antigen, which improves the dynamic range of detectability. 
[0037] Division of the sample flow route into 2 routes is an effect produced by the bypass route extending from the 
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sample introducing part toward the determining part such that the sample is allowed to partially pass the labelled part 
or to escape the labelled part to directly reach the determining part. One is a simple route that runs from the sample 
introducing part toward the determining part via the carrier. This route has minimal hindrances, and can pass the sample 
at a high rate. The alternative route passes through the labelled part, more preferably segmented labelled part, and 
develops contact-induced resistance on the interface between the labelled part and the spacer so as to delay the flow 
of the sample. In other words, according to this structure, upon introduction of a sample into the device, it occurs 
substantially that only the sample reaches the determining part and after a lapse of certain time the labelled antibody 
which has dissolved in the sample solution catches up with the sample to finally reach the determining part. During 
the delayed lapse of time, the determining part preliminarily accepts a mixture of the labelled antibody and the antigen 
in the sample such that the antigen is bound to the labelled antibody to a certain degree. Thus, the antigen can be 
captured efficiently even when the antigen in the sample is small in amount, resulting in improved detectability of the 
device. This structure appears to prolong the reaction time seemingly due to the presence of a delayed lapse of time. 
However, from the fact that the detectability of the device can be improved substantially without increasing an absolute 
amount of the labelled antibody carried on the labelled part, the time required for diminishing the background coloring 
can be reduced, which shortens the overall reaction time as a whole. 

[0038] In another preferred mode of the present invention, the chemically visualized antibody, that is, mobile phase 
antibody is prepared by binding the antibody to any one of colloidal gold, latex particle, organic dye, pigment, metal, 
metallic oxide and enzyme or an arbitrary combination of a plurality of the above group to visualize the antibody. One 
example of preferred dyes is cyanine dye represented by the following chemical formula: 




[0039] The immunochromatography-assisted device in accordance with the present invention is particularly effective 
if the antigen is either hCG, luteinizing hormone (LH) or C-reactive protein (CRP). 

[0040] The surfactant for use in the present invention may be exemplified as non-ionic alkyl phenol ether surfactant. 
A Triton surfactant, particularly commercially available Triton X-1 00 is preferred. 

[0041] Preferred ammonium salts include tetramethyl ammonium salts exemplified as tetramethyl ammonium chlo- 
ride, tetramethyl ammonium bromide, tetramethyl ammonium iodide, etc. 

[0042] It is preferable for the additive-impregnated part to carry a pH buffer in such an amount that makes a pH of 
8.0 to 8.5 for a sample at the determining part when the sample is introduced into the sample introducing part of the 
carrier in a predetermined volume. 

[0043] The pH buffer is preferably one selected from the group consisting of boric acid, 2-(N-morpholino)ethanesul- 
fonic acid, tris(hydroxymethyl)aminomethane and phosphoric acid. 

[0044] FIG. 2 shows a structure of a test strip composed of a porous carrier for use in the immunochromatography- 
assisted device in accordance with the present invention. A test strip 10 composed of a porous carrier comprises a 
sample introducing part 11 , an additive-impregnated part 12, a labelled part 13 containing a visualized mobile phase 
antibody, a determining part 14 having a fixed part 15 of a fixed phase antibody, and a fluid absorbing part 16 which 
are arranged successively on the porous carrier in this order. 

[0045] The test strip 1 0 is accommodated in a hollow case made of a moisture-impervious material. The case has 
a window or fenestration for visually observing what happens at the determining part 1 4 on the carrier from the outside. 
In order to facilitate introduction of a sample into the sample introducing part 11 on the porous carrier from the outside, 
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the hollow case is opened in part, or the porous carrier is extended in an opposite direction to. the determining part by 
placing the labelled part in the center, so that the porous carrier can be exposed outside the hollow case to form a part 
of the sample introducing part. 

[0046] FIG. 3 shows another preferred structure of the test strip. The labelled part 13 is divided into 13a, 13b and 
5 13c. Although not shown, the additive-impregnated part is also formed on the porous carrier. 

[0047] In the following, the present invention will be described specifically with reference to concrete examples. 

Example 1 

10 |. Method of producing each part 

(1) Method of preparing a blocker and a detergent for the determining part 

[0048] To 1 L of distilled water, 0.1 mol (12.11 g) of tris(hydroxymethyl)aminomethane (hereinafter referred to as 
15 Tris") was added and agitated, which was then adjusted for pH at 8.2 with 1 N HCI to make a detergent for nitrocellulose. 
Separately, 10 g of skimmed milk was added to the detergent thus prepared and agitated to make a blocker for nitro- 
cellulose. 

(2) Method of fixing the antibody at the determining part (Preparation of fixed phase antibody) 

20 

[0049] A nitrocellulose sheet (HFM SPHF04020, manufactured by Nihon Millipore Limited) was cut to a sheet of 0.9 
cm x 1 .2 cm with a thickness of about 220 u/n (including the thickness of a substrate) for use as a carrier. The sheet 
as the carrier was applied with a phosphate buffer solution (hereinafter abbreviated to "PBS") containing an anti-hCGf} 
antibody (a-hCGP) against hCG (5 mg/mL) at a portion 0.5 cm apart from the sample introducing part and 0.7 cm apart 
25 from the fluid absorbing part and dried for 8 hours at 40 °C in a light-tight environment. After drying, the sheet was 
impregnated with the above-mentioned blocker so as to make a ratio of the blocker at 70 mL per 30 sheets, and then 
shaken in a shaker for 30 min at 30 °C for blocking. After blocking, the sheet was rinsed with the above-mentioned 
detergent (70 mL/30 sheets) for 30 min at 30 °C three times, which was then placed and dried in a desiccator overnight. 

30 (3) Method of producing the additive-impregnated part 

[0050] To 1 L of distilled water, 1 mol (121 .1 g) of Tris was added and agitated, which was then adjusted for pH at 
8.2 with 1 N HCI. The mixture was further added with 1 mol (109.6 g) of tetramethylammonium chloride (hereinafter 
abbreviated to "TMA") and 10 mL of a 10% aqueous solution containing a Triton surfactant Triton X-100 (hereinafter 
35 referred to as "Triton") and agitated to make a Tris (1 M)-TMA (1 M)-Triton (0.1%) solution. The resultant solution was 
applied onto a 0.9 cm x 6.0 cm sheet cut from a glass fiber filter (F075-1 4, manufactured by Whatman Japan Ltd.) at 
0.36 mL, followed by freezing and drying. 

(4) Method of producing the labelled part 

40 

[0051] 

(a) A PBS of dithiobis(sulfosuccinimidylpropionate)(hereinafter abbreviated to "DTSSP")(4,06 mg/0.1 mL) was 
gently dropped on a PBS of anti-hCGa antibody (a-hCGa)(1 0 mg/mL) and agitated for 30 min at 35 °C, which was 

45 then subjected to gel filtration using a molecular weight differential column (Sephadex G25M, manufactured by 

Amersham Pharmacia Biotech). 

(b) Gel filtration produced a polymerized anti-hCGa antibody PBS (10 mg/6 mL). The solution thus produced was 
stored at 4 °C until use. 

(c) A BSA PBS (110 mg/mL) was added with 77 mg of dithiothreitol (hereinafter abbreviated to "DTP) and agitated 
so for 30 min at room temperature to make a final concentration of 7.7 mg/mL, which was then promptly subjected 

to gel filtration using a molecular weight differential column (Sephadex G25M, manufactured by Amersham Phar- 
macia Biotech). Gel filtration produced a BSA solution with a free SH group (totally 24 mL). 

(d) The BSA with a free SH group (totally 24 mL) was mixed with the polymerized anti-hCGa antibody PBS (10 
mg/6 mL) which had been stored at 4 °C after preparation in the above (b) and agitated for 20 hours at 4 °C. 

55 (e) In order to remove non-reacted BSA, the mixture prepared in the above (d) was subjected to gel filtration using 

a molecular weight differential column (Sephacryl S300HR, manufactured by Amersham Pharmacia Biotech). This 
gave a polymerized anti-hCGa antibody-BSA (totally 40 mL to 50 mL). 

(0 The product of (e) was gently dropped with a PBS of a cyanine dye (hereinafter abbreviated to "SLIC3") repre- 
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sented by the chemical formula as shown above and then agitated for 20 hours at 4 °C. 

(g) In order to remove non-reacted cyanine dye, the mixture prepared in the above (f) was subjected to gel filtration 
using molecular weight differential columns of 50 cm and 150 cm (Sephadex G25M, manufactured by Amersham 
Pharmacia Biotech). This gave a polymerized anti-hCGcc antibody-BSA-SLIC3 (totally 60 ml_ to 90 mL). This so- 

5 lution will be referred to as a stock solution of the labelled antibody. 

(h) The stock solution thus obtained was added with BSA and sucrose at 1%, respectively, as stabilizers. 

(i) A glass filter (F075-14, manufactured by Whatman Japan Ltd.) was cut to a sheet of 0.9 cm x 5.0 cm and 
impregnated with the labelled antibody stock solution containing the two stabilizers at 0.3 mL per sheet, which was 
then frozen and dried. 

10 (j) After freezing and drying, the sheet thus prepared was stored in a light-tight environment until use. 

(5) Method of producing the fluid absorbing part 

[0052] A glass fiber filter (GF/D, manufactured by Whatman Japan Ltd.) was cut to a sheet of 0.9 cm x 2.5 cm and 
15 six (6) sheets were piled for use as the fluid absorbing part. 

II. Method of producing the test strip 

[0053] FiG. 4 shows the structure of a test strip 20 in accordance with Example 1 . The size of each constituent shown 

20 in FIG. 4 does not necessarily correspond to the real size. 

[0054] On a surface of a lining 21 with a size of 0.9 x 5.5 cm and a thickness of 0.5 mm (hard polyvinyl chloride 
(white)) entirely and thoroughly lined with a double-sided adhesive tape of the same size (TW-1 2SD, manufactured by 
Nichiban Co., Ltd.), a determining part 26, a fluid absorbing part 27 downstream from the determining part 26 and a 
labelled part 24 upstream from the determining part 26 were bonded, respectively. Upstream from the labelled part 24, 

25 a sheet 23 of 0.9 cm x 0.5 cm cut from a glass fiber sheet (F075-14, manufactured by Whatman Japan Ltd.) and an 
additive-impregnated part 22 were further bonded successively in this order. Two (2) additional sheets of the same 
glass fiber filter cut to a size of 0.9 x 3.5 cm were also bonded to the entire upper part from the labelled part 24 to the 
additive-impregnated part 22 to serve as a porous bypass 25. The test strip 20 thus produced was accommodated in 
a hollow case. 

30 [0055] In the test strip 20, an end part of the additive-impregnated part 22 also serves as the sample introducing 
part. Upon introduction of a sample into the test strip as shown by an arrow 28 in FIG. 4, the sample flows through two 
routes. The major one is a flow route 29a which runs from the additive- impregnated part 22 toward the determining 
part 26 via the glass fiber filter 23 and the labelled part 24 on the course. The other is a flow route 29b which runs from 
the porous bypass 25 toward the determining part 26 by passing through a periphery of the labelled part 24 or by 

35 passing beyond the labelled part 24. In FIG. 4, the porous bypass 25 is shown to contact the labelled part 24 at its 
periphery, but it is more preferable for the porous bypass 25 to directly contact the determining part 26 beyond the 
labelled part 24. 

[0056] If the test strip is formed in this way, the flow route 29b that runs toward the determining part 26 by passing 
through a periphery of the labelled part 24 or by passing beyond the labelled part 24 is less in hindrance and allows 

40 the sample to flow faster than the flow route 29a that passes through all the parts before reaching the final destination. 
The flow route 29a is a route which delays the flow of the sample. Therefore, if a sample is introduced, a part of the 
sample which is almost free of the labelled antibody in the labelled part 24 arrives at the determining part 26 primarily 
and after a lapse of certain time, the labelled antibody which has dissolved in the sample will catch up with the sample 
to arrive at the determining part. During the delayed lapse of time, the determining part preliminarily accepts a mixture 

45 of the labelled antibody and the antigen in the sample such that the antigen is bound to the labelled antibody to a 
certain degree. Thus, the antigen can be captured efficiently even when the antigen in the sample is small in amount. 
[0057] As stated previously, this structure increases the viewability and improves detectability of the device. Although 
the presence of a delayed time appears to prolong the reaction time seemingly, the detectability of the device can be 
improved actually without increasing the absolute amount of the labelled antibody carried on the labelled part, which 

50 shortens the time required for diminishing background coloring and therefore shortens the reaction time as a whole. 

Comparative Example 1 

[0058] For comparison, a test strip as shown in FIG. 4 was prepared in the same manner as in Example 1 , except 
55 for the use of the same glass fiber filter as used in the glass fiber filter 23 in place of the additive-impregnated part 22 
and an omission of the porous bypass 25 of a glass fiber filter. 

[0059] Two immunochromatography-assisted devices were produced using the test strip prepared in Example 1 and 
the one prepared in Comparative Example 1, respectively, and tested for detectability, reaction time and viewability. 
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The analyte is hCG. The range of hCG concentrations for measurement to determine the detectability was 100,000 
IU/L to 0 IU/L and the amount of hCG solution as a sample to be introduced into the sample introducing part was 0.45 
mL. The reaction time was defined as a time lapse from the introduction of hCG solution into the sample introducing 
part until visualization of a line of the fixed part of the fixed antibody by a reaction between the fixed anti-hCGp antibody 

5 and the labelled anti-hCGa antibody via hCG as the antigen. The numerical value of viewability was derived from the 
measurement results with a reflective spectrophotometer (CS-9300, manufactured by Shimadzu Corporation). The 
intensity of reflected light was measured at an incident light of 550 nm (absorbance of SLIC3). The baseline value 0 
was based on the absorbance of clean nitrocellulose. The time of measurement of the absorbance was within 30 
minutes after termination of immunochromatographic analysis. 

10 [0060] FIG. 5 shows a comparison of the viewability between the two devices based on the intensity of absorbance 
as defined above and FIG. 6 shows a comparison of the detectable minimal time. Although not shown in the figures, 
the absorbance peaked at 0.5 as late as 30 seconds after introduction of the sample for the device of Comparative 
Example 1 , and 0.7 as early as 20 seconds after introduction of the sample for the device of Example 1 when the 
concentration of hCG was 10,000 IU/L. These results indicate that the immunochromatography-assisted device in 

15 accordance with the present invention is superior to the conventional device of Comparative Example 1 in detectability, 
reaction time and viewability. 

Example 2 

20 [0061] In this example, a test strip was prepared in the same manner as in Example 1 , except for the use of Tris 
(1 M)-TMA (1 M) solution in place of Tris (1 M)-TMA (1 M)-Triton (0.1 %) solution in Example 1 in producing the additive- 
impregnated part. 

Example 3 

25 

[0062] In this example, another test strip was prepared in the same manner as in Example 1 , except for the use of 
Tris (IM)-Triton (0.1%) solution in place of Tris (1M)-TMA (1 M) -Triton (0.1%) solution in Example 1 in producing the 
additive-impregnated part. 

30 Comparative Example 2 

[0063] For comparison, a test strip was prepared in the same manner as in Example 2, except for the use of the 
same glass fiber filter as used in the glass fiber filter 23 in place of the additive-impregnated part 22 in Example 2. 
[0064] Three immunochromatography-assisted devices were produced using the test pieces prepared in Examples 
35 2 and 3 and Comparative Example 2, respectively, and tested in the same manner as in Example 1 . The results are 
shown in FIG. 7 to FIG. 10. 

[0065] Other test pieces were prepared in the same manner as in Example 1 , except for the use of Tris solutions at 
various pH's in place of Tris (1 M)-TMA (1 M)-Triton (0.1%) solution in Example 1 in producing the additive-impregnated 
part. This is to make the sample have various pH's when they are introduced into the test strip in a predetermined 

40 amount. FIG. 11 shows the relationship between the pH of the sample at analysis and the absorbance. 

[0066] As stated previously, the cause of blank coloring (0 IU/L) is electrical binding between the antibody labelled 
with a dye having negative charge and the fixed phase antibody having positive charge. Therefore, if the sample solution 
to be tested on the test strip has an adjusted pH of 8.2, the positive charge of the fixed phase antibody can be cancelled. 
When TMA with positive charge was further added to the test strip, the negative charge of the dye for labelling the 

45 antibody could be cancelled, resulting in successful removal of blank coloring (cf. FIG. 7). Further addition of a surfactant 
shortened the time periods until coloring and detection (cf. FIG. 10). 

Example 4 

50 [0067] A test strip was prepared in the same manner as in Example 1 , except that the labelled part was produced 
in the manner as described below. 

Method of preparing the labelled part 

55 [0068] After the procedures a) to j) shown in Example 1 , additional treatments k) and I) as shown below were per- 
formed. 

k) The frozen and dried glass filter impregnated with the labelled antibody was cut to a size of 0.9 cm x 0.1 cm 
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and used as a labelled part 24c. 

I) The stock solution of the labelled antibody was diluted 4-fold with PBS and impregnated into a glass fiber filter 
(F075-1 4, manufactured by Whatman Japan Ltd.) In the same manner as described previously, which was cut into 
two sheets of 0.9 cm x 0.1 cm and used as labelled parts 24a and 24b. 

5 

[0069] The labelled parts 24a, 24b and 24c thus prepared were assembled and bonded to the porous carrier as 
shown in FIG. 12 by sandwiching therebetween spacers 30 made of a glass fiber filter (F075-14, manufactured by 
Whatman Japan Ltd.) of the same size. 

[0070] Next, the results of a comparison test between two (2) immunochromatography-assisted devices using the 
10 test strip of Example 1 , and Example 4. The analyte was hCG. As stated previously, the viewability was derived from 
the measurement of the intensity of reflected light at an incident light of 550 nm. hCG PBS at a concentration of 0, 50, 
100, 1 ,000, or 10,000 IU/L was introduced into the sample introducing part of the test strip of each device and the 
device was stood still horizontally at room temperature (25 C). FIG. 13 summarizes a comparison between the devices 
for the absorbance (coloring intensity) at each hCG concentration 3 minutes after sample introduction. The figure 
is indicates that the device using the test strip of Example 4 which includes an additive and is segmented forthe labelled 
part is improved in coloring intensity, compared to the device using the test strip of Example 1 using a test strip which 
is not segmented. Blank coloring at 0 IU/L as a factor for causing a malfunction could be eliminated perfectly from 
preferred Example 4. 

[0071] As discussed above, the present invention can perfectly eliminate background and blank coloring which may 
20 cause a malfunction at detection. Therefore, use of the immunochromatography-assisted device in accordance with 
the present invention facilitates accurate and rapid detection of an antigen contained in liquid samples of any kind. The 
present invention permits a labelled antibody to play a role in antigen-antibody reaction in its best condition. As a result, 
detection speed, detectability and dynamic range of detection can be realized at the same time. 

25 

Claims 

1. An immunochromatography-assisted device for detecting an antigen in an aqueous sample solution based an a 
specific antigen-antibody binding reaction, said device comprising: 

30 

at least two different antibodies capable of binding to an antigen as an analyte and 

a test strip composed of a porous carrier which has a labelled part containing one of said antibodies and a 
determining part containing the other of said antibodies, said labelled part and said determining part being 
arranged such that a sample introduced into a sample introducing part is allowed to move toward said deter- 
35 mining part via said labelled part, 

wherein one of said antibodies is a chemically visualized antibody and contained in said labelled part of said 
porous carrier such that it dissolves in a sample solution introduced into said porous carrier in order to move inside 
the carrier with the movement of said sample; 
40 the other of said antibodies is fixed to said determining part of said carrier to a degree not to be shifted in 

position by the movement of the sample; and 

said porous carrier has an impregnated part with an additive at a certain part between said sample introducing 
part and said determining part, said impregnated part movably carrying thereon at least one of an ammonium salt 
and/or a pH buffer such that it dissolves in said sample solution in order to move with the movement of said sample 
45 through said porous carrier. 

2. The immunochromatography-assisted device in accordance with claim 1 , wherein said labelled part is segmented 
into plural zones. 

50 3. The immunochromatography-assisted device in accordance with claim 1 , wherein one of said antibodies is bound 
to at least one selected from the group consisting of colloidal gold, latex particle, organic dye, pigment, metal, 
metallic oxide and enzyme and visualized. 

4. The immunochromatography-assisted device in accordance with claim 1 , wherein said visualized antibody is la- 
ss belled with a cyanine dye represented by the following formula: 



9 



EP 0 903 584 B1 



KOgSv^ 




so 3 K 




<Wa (?H 2 ) 2 



5. The immunochromatography-assisted device in accordance with claim 1 , wherein said ammonium salt is a tetram- 
ethyl ammonium salt. 

6. The immunochromatography-assisted device in accordance with claim 1 , wherein said impregnated part carries 
said pH buffer in such an amount that allows said sample to have a pH of 8.0 to 8.5 at said determining part when 
said sample is introduced into said sample introducing part of said carrier in a predetermined amount. 

7. The immunochromatography-assisted device in accordance with claim 1 , wherein said pH buffer is at least one 
selected from the group consisting of boric acid, 2-(N-morpholino)ethanesulfonic acid, tris(hydroxymethyl)-ami- 
nomethane and phosphoric acid. 

8. The immunochromatography-assisted device in accordance with claim 2, wherein one zone of said segmented 
labelled part carries said labelled antibody in a different amount from those in other zones. 

9. The immunochromatography-assisted device in accordance with claim 8, wherein plural zones of said segmented 
labelled part that are located proximal to said determining part carry said labelled antibody in a larger amount than 
plural zones that are located distal to said determining part. 

10. The immunochromatography-assisted device in accordance with claim 2, further comprising a flow route allowing 
direct approach of said sample to said determining part either by only partially passing or by completely escaping 
said labelled part, in addition to a flow route allowing in-series passage of said sample through plural zone of said 
labelled part before reaching said determining part. 

11. The immunochromatography-assisted device in accordance with claim 2, wherein a porous material permitting 
movements of said sample and said labelled antibody is positioned between said plural zones of said labelled part. 

12. The immunochromatography-assisted device in accordance with claim 1, further comprising a bypass for said 
sample extending from said sample introducing part toward said determining part by passing through a periphery 
of said labelled part or by escaping said labelled part. 



PatentansprUche 

1. Eine Immunochr omatographie-gestiitzte Vorrichtung zur Detektion eines Antigens in einer wassrigen Probenlo- 
sung basierend auf einer spezifischen Antigen-Antikdrper-Bindungsreaktion, diese Vorrichtung umfasst: 

mindestens zwei verschiedene Antikorper, welche fahig sind, an ein Antigen als einen Analyten zu binden und 
einen Teststreifen bestehend aus einem porosen Trager, der einen markierenden Bereich, welcher eines die- 
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ser Antikorper enthalt und einen messenden Bereich aufweist, der den anderen dieser Antikorper enthalt, 
wobei dieser markierende Bereich und dieser messende Bereich derart angeordnet sind, dass eine in den 
Probenaufnahmebereich eingebrachte Probe sich durch den markierenden Bereich in Richtung des messen- 
den Bereichs bewegen kann, 

wobei einer dieser Antikorper ein chemisch visualisierter Antikorper ist und so in diesem markierenden Bereich 
dieses porosen Tragers enthalten ist, dass er sich in einer in diesen porosen Trager eingebrachte Probenlosung 
lost, urn sich in den Trager zusammen mit der Bewegung der besagten Probe hineinzubewegen; 
der andere dieser Antikorper ist in einem solchen Mal3e in dem messenden Bereich des Tragers fixiert, dass er 
durch die Bewegung der Probe nicht in seiner Position verandert wird; und 

dieser porose Trager weist einen mit einem Additiv impragnierten Bereich in einem bestimmten Bereich zwischen 
dem Probenaufnahmebereich und dem messenden Bereich auf, dieser impragnierte Bereich tragt in beweglicher 
Form mindestens ein Ammoniumsalz und/oder einen pH-Puffer, so dass dieses/dieser sich in der Probenlosung 
lost, urn sich zusammen mit der Bewegung dieser Probe durch den porosen Trager zu bewegen. 

Die Immunochromatographie-gestutzte Vorrichtung gemaB Anspruch 1 , worin dieser markierende Bereich in eine 
Mehrzahl von Zonen unterteilt ist. 



Die Immunochromatographie-gestutzte Vorrichtung gemaB Anspruch 1 , worin einer dieser Antikorper an minde- 
stens einem ausgewahlt aus der Gruppe bestehend aus kolloidem Gold, Latexpartikel, organischem Farbstoff, 
Pigment, Metal, Metalloxid und Enzym gebunden und visualisiert ist 



Die Immunochromatographie-gestutzte Vorrichtung gemaB Anspruch 1 , worin dieser visualisierte Antikorper mit 
einem Cyaninfarbstoff markiert ist, der durch die folgende Formel wiedergegeben wird: 




Die Immunochromatographie-gestutzte Vorrichtung gemaB Anspruch 1, worin das Ammoniumsalz ein Tetrame- 
thylammoniumsalz ist 

Die Immunochromatographie-gestutzte Vorrichtung gemaB Anspruch 1, worin der impragnierte Bereich diesen 
pH-Puffer in einer solchen Menge tragt, dass ein pH der Probe im messenden Bereich von 8,0 bis 8,5 ermoglicht 
wird, wenn die Probe in den Probeaufnahmebereich des Tragers in einer vorbestimmten Menge eingebracht wird. 

Die Immunochromatographie-gestutzte Vorrichtung gemaB Anspruch 1, worin der pH-Puffer mindestens einer 
ausgewahlt aus der Gruppe ist, welche aus Borsaure, 2-(N-morpholino)ethansuIfonsaure, Tr is (hydroxy methyl )- 
aminomethan und Phosphorsaure besteht. 

Die Immunochromatographie-gestutzte Vorrichtung gemaB Anspruch 2, worin eine Zone dieses unterteilten mar- 
kierenden Bereichs diesen markierten Antikorper in einer unterschiedlichen Menge als in den anderen Zonen tragt. 

Die Immunochromatographie-gestutzte Vorrichtung gemaB Anspruch 8, worin mehrzahlige Zonen dieses unter- 
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teilten markierenden Bereichs, welche nah beim messenden Bereich angeordnet sind, diesen markierten Antikor- 
per in einer grofteren Menge tragen, als mehrzahlige Zonen, welche entfernt zum messenden Bereich angeordnet 

sind. 

5 10. Die Immunochromatographie-gestutzte Vorrichtung gernaB Anspruch 2, des weiteren umfassend eine Flussstrek- 
ke, welche die direkte Annaherung der Probe zum messenden Bereich entweder durch nur teilweises Passieren 
oderdurch vollstandiges Umgehen des markierenden Bereichs erlaubt, zusatzlich zu einer Flussstrecke, welche 
das Passieren der Probe in Reihe durch die Mehrzahl von Zonen dieses markierenden Bereichs vor der Erreichung 
des messenden Bereichs erlaubt. 

10 

11. Die Immunochromatographie-gestutzte Vorrichtung gemaB Anspruch 2, worin ein poroses Material Bewegungen 
dieser Probe zulasst und der markierte Antikorper zwischen diesen mehrzahligen Zonen dieses markierenden 
Bereichs angeordnet ist. 

'5 12. Die Immunochromatographie-gestutzte Vorrichtung gema(3 Anspruch 1 , des weiteren umfassend einen Nebenweg 
fur die Probe, welchersich von dem Probenaufnahmebereich zum messenden Bereich unter Passieren der Peri- 
pherie des markierenden Bereichs oder unter Umgehung dieses markierenden Bereichs erstreckt. 



20 Revendications 

1 . Dispositif d'assistance par immunochromatographie destine a detecter un antig6ne dans une solution d'echantillon 
aqueuse fondee sur une reaction de liaison antigene-anticorps specifique, ledit dispositif comprenant : 

25 au moins deux anticorps differents capables de se lier a un antigene en tant qu'analyte et 

une bande de test composee d'un support poreux qui comprend une partie marquee contenant Tun desdits 
anticorps et une partie de determination contenant I'autre desdits anticorps, ladite partie marquee et ladite 
partie de determination etant agencees de sorte qu'un echantillon introduit dans une partie d'introduction 
d'echantillon puisse se deplacer vers ladite partie de determination en passant par ladite partie marquee, 

30 

dans lequel I'un desdits anticorps est un anticorps rendu chimiquement visible et contenu dans ladite partie 
marquee dudit support poreux de sorte qu'il se dissolve dans une solution d'echantillon introduite dans ledit support 
poreux de maniere a se deplacer a I'interieur du support avec le deplacement dudit echantillon, 

I'autre desdits anticorps est fixe sur ladite partie de determination dudit support a un degr6 pour ne pas etre 
35 decale en position par le deplacement de I'echantillon, et 

ledit support poreux comprend une partie impregnee d'un additif au niveau d'une certaine partie entre ladite 
partie d'introduction d'echantillon et ladite partie de determination, ladite partie impregnee supportant sur celle-ci 
de facon mobile au moins I'un d'un sel d'ammonium et/ou d'un tampon pH de sorte qu'il se dissout dans ladite 
solution d'echantillon de maniere a se deplacer avec le deplacement dudit echantillon au travers dudit support 
40 poreux. 

2. Dispositif d'assistance par immunochromatographie selon la revendication 1, dans lequel ladite partie marquee 
est segmentee en multiples zones. 

45 3. Dispositif d'assistance par immunochromatographie selon la revendication 1 , dans lequel I'un desdits anticorps 
est lie a au moins un element choisi parmi le groupe constitue d'or colloidal, d'une particule de latex, d'un colorant 
organique, d'un pigment, d'un metal, d'un oxyde metallique et d'une enzyme et il est rendu visible. 

4. Dispositif d'assistance par immunochromatographie selon la revendication 1 , dans lequel I'anticorps rendu visible 
so est marque par un colorant de cyanine repr6sent6 par la formule suivante : 



55 
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5. Dispositif d'assistance par immunochromatographie selon ia revendication 1, dans lequel ledit sel d'ammonium 
est un sel de tetram6thylammonium. 

6. Dispositif d'assistance par immunochromatographie selon la revendication 1 , dans lequel ladite partie impregnee 
supporte ledit tampon pH dans une proportion telle qu'elle permet audit echantillon de presenter un pH de 8,0 a 
8,5 au niveau de ladite partie de determination lorsque ledit echantillon est introduit dans ladite partie d'introduction 
d'echantillon dudit support dans une quantite predeterminee. 

7. Dispositif d'assistance par immunochromatographie selon la revendication 1 , dans lequel ledit tampon pH est au 
moins un compose choisi parmi le groupe constitue de I'acide borique, de I'acide 2-(N-morpholino)ethane-sulfo- 
nique, du tris(hydroxymethyl)-aminomethane et de I'acide phosphorique. 

8. Dispositif d'assistance par immunochromatographie selon la revendication 2, dans lequel une zone de ladite partie 
marquee segmentee supporte ledit anticorps marque dans une proportion differente de celles dans les autres 



9. Dispositif d'assistance par immunochromatographie selon la revendication 8, dans lequel les multiples zones de 
ladite partie marquee segmentee qui sont situees pres de ladite partie de determination supportent ledit anticorps 
marque en plus grande quantite que les multiples zones qui sont situees a distance de ladite partie de determi- 
nation. 

10. Dispositif d'assistance par immunochromatographie selon la revendication 2, comprenant en outre une voie 
d'ecoulement permettant une approche directe dudit echantillon vers ladite partie de determination soit en ne 
passant que partiellement par ladite partie marquee, soit en echappant completement a celle-ci, en plus d'une 
voie d'ecoulement permettant un passage en serie dudit echantillon par les multiples zones de ladite partie mar- 
quee avant d'atteindre ladite partie de determination. 

11. Dispositif d'assistance par immunochromatographie selon la revendication 2, dans lequel un materiau poreux 
permettant les deplacements dudit echantillon et dudit anticorps marque est positionne entre lesdites multiples 
zones de ladite partie marquee. 

12. Dispositif d'assistance par immunochromatographie selon la revendication 1 , comprenant en outre un contourne- 
ment pour ledit Echantillon s'etendant depuis ladite partie d'introduction d'echantillon vers ladite partie de deter- 
mination en passant par la p6ripherie de ladite partie marquee ou en echappant a ladite partie marquee. 



zones. 
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